1^5 



16D5 



JAPANESE PATENT OFFICE 

PATENT GAZETTE 



Published Application 
39-19634 
Published 11 Sept. 1964 
(4 sheets) 



Preparation of 3-hydroxy-9,10, 1 1 -trialkoxy-l ,2,3,4,6,7-hexahydro-5H-dibenzo[a,c]cycloheptatrien- 
5-one 



Application Number 36-36474(1961) 



Filed 
Inventor 



Applicant 

Representative 
Agent 



12 October 1961 
T. Nakamura 

Shinagawa Works, Sankyo Ltd. 

1-888 Nishishinagawa, Shinagawa-ku, Tokyo 

Sankyo Ltd 

3-1-6 Nihonbashi-honcho, Chuo-ku, Tokyo 
M. Suzuki 

Patent attorney Y. Katada 



Detailed description of the invention 

The present invention relates to a method of preparing a 3-hydroxy-9,10,l l-trialkoxy- 
l,2,3,4,6J-hexahydro-5H-dibenzo[a,c]cycloheptat^ien-5-one useful as an intermediate for N- 
acetylcolchinol which brings about increases in plant cell chromosomes and also has anticancer 
activity against breast cancer etc. 

The present invention is a method wherein a 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10- 
tetrahydro-6H-dibenzo[b,d]pyrane-l -propionic acid shown by the general formula: 

OH 




(wherein R denotes a lower alkyl group) 
is treated with a dialkylsulphuric acid in the presence of an alkali to form a 2-[2,3,4-trialkoxy-6-(2- 
carboxyethyr)phenyl]-5-hydroxy-l-cyclohexenecarboxylic acid shown by the general formula: 



1 



OR^ 




(R in the formula is defined as before and R' denotes a lower alkyl group) 
this compound is then treated with an esterifying agent to become an alkyl-2-[2,3,4-trialkoxy-6-(2- 
carboalkoxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylate; afterwards this is reacted with 
one type of metal alkali and hydride, amide or alkoxide thereof; alternatively, without being 
treated with an esterifying agent, the 2-[2,3,4-trialkoxy-6-(2-carboxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid is condensed with an acid anhydride or polyphosphoric acid in the 
presence or absence of a catalyst to give a 3-hydroxy-9,10,l 1-trialkoxy- 1,2,3, 4,6,7-hexahydro-5H- 
diben2o[a,c]cycloheptatrien-5-one shown by the general formula: 




(R' in the formula is defined as before) 

The 3-hydroxy-9,10,l 1-trialkoxy-l ,2,3,4,6,7-hexahydro-5H-dibenzo[a,c]cycloheptatrien-5- 
one obtained in accordance with the present invention is reacted with formic acid and formamide 
to give dl-3-formoxy-5-formamide-9, 10,11 -triaikoxy-2,3 ,4,4a,6,7-hexahydro-5H-dibenzo 
[a,c]cycloheptatriene. This is saponified and oxidised to dl-3-keto-5-5(sic)-acetylamide-9,10,l 1- 
trialkoxy-2,3,4,4a,6J-hexahydro-5H-dibenzo[a,c]cycloheptatriene and upon treating this with N- 
bromosuccinimide, N-acetylcolchinol can be obtained. N-acetylcolchinol is known to be a 
substance with anticancer activity, as reported in the Journal of the National Cancer Institute, Vol. 
13, p3 79 (1952) etc. 

The 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10-tetrahydro-6H-dibenzo[b,d]pyrane-l- 
propionic acids used as starting materials in the present invention are novel compounds and are 
substances obtained by condensing a pyrogallol-l-monoalkylether with an ethyl-2-oxoo- 
hydroxycyclohexane carboxylate to give a 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10-tetrahydro-6H- 
dibenzo[b,d]pyrane; this is then acted on by an allylhalogenide to form a 3-alkoxy-4-allyloxy-6- 
oxo-8-hydroxy-7,8,9,10-tetrahydro-6H-dibenzo[b,d]pyrane; and having heated and reacted this 



with a strong base, it is then oxidised to form l-formyl-3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10- 
tetrahydro-6H-dibenzo[b,d]pyrane; this is reacted with malonic acid in the presence of an organic 
base and the resulting substance is reduced to give a d(a?)'-carboxy-3-alkoxy-6-oxo-4,8- 
dihydroxy-7,8,9,10-tetrahydro-6H-dibenzo[b,d]pyrane- 1 -propionic acid which is then 
decarboxylated. 3-methoxy-6-oxo-8-hydroxy-7,8,9, 1 0-tetrahydro-6H-dibenzo[b,d]pyrane- 1 - 
propionic acid comprises acicular crystals of mp 245°C. 

In the process to obtain a 2-[2,3,4-trialkoxy-6-(2-carboxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid from a 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9, 1 0-tetrahydro-6H- 
diben2o[b,d]pyrane-l -propionic acid in the present invention, a 3,7-dihydroxy-8-alkoxy-10-(2- 
carboxyethyl)-l,2,3,4-tetrahydrodibenzopyran-2-one is dissolved in an alkali, e.g. an aqueous 
solution of caustic soda or caustic potash and upon being acted on by a dialkylsulphuric acid, for 
example, dimethylsulphuric acid or diethylsulphuric acid, a 2-[2,3,4-trialkoxy-6-(2- 
carboxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylic acid is readily obtained. 

Two methods can be used for cyclisation of the 2-[2,3,4-trialkoxy-6-(2- 
carboxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylic acid thus obtained to give the target 3- 
hydroxy-9, 1 0, 1 1 -trialkoxy- 1 ,2,3,4,6 J-hexahydro-5H-dibenzo[a,c]cycloheptatrien-5-one. The first 
is based on the Dieckman reaction and is a method in which, having allowed an esterifying agent 
to act on the above compound to give an alkyl 2-[2,3,4-trialkoxy-6-(2- 
carboxyalkoxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylate, cyclisation is effected by the 
Dieckman reaction. The other method is one in which the above compound is cyclised as it is by 
condensation with an acid anhydride or poly phosphoric acid in the presence or absence of a 
catalyst. 

In the former method, an alkyl 2-[2,3,4-trialkoxy-6-(2-carboxyalkoxyethyl)phenyl]-5- 
hydroxy-l-cyclohexenecarboxylate is obtained upon allowing an esterifying agent, for example, 
diazomethane-methanol and sulphuric acid etc. to act on the 2-[2,3,4-trialkoxy-6-(2- 
carboxyalkoxyethyl)phenyl]-5-hydroxy- 1 -cyclohexenecarboxylic acid. 

The method to turn the alkyl 2-[2 J,4-trialkoxy-6-(2-carboxyalkoxyethyl)phenyl]-5- 
hydroxy-l -cyclohexenecarboxylate thus obtained into 3-hydroxy-9,10,ll-trialkoxy-l,2,3,4,6,7- 
hexahydro-5H-dibenzo[a,c]cycloheptatrien-5-one is then based on the Dieckman reaction. 

That is to say, upon adding an alkaline metal and a hydride, amide or alkoxide thereof, e.g. 
sodium, potassium, sodium hydride, potassium hydride or sodium amide etc. to the alkyl 2-[2,3,4- 
trialkoxy-6-(2-carboxyalkoxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylate and heating up to 
the boiling point of the above compound, a 3-hydroxy-9, 10,1 1 -trialkoxy- K2,3,4,6,7-hexahydro- 



' Translator's note: It is unclear from our copy of the patent whether this letter is "d" or "a". 



5H-diben2o[a,c]cycloheptatrien-5-one is obtained. The reaction is conducted in a stream of 
nitrogen and preventing contact with oxygen as much as possible gives better yields. 

In the latter method, the 2-[2,3,4-trialkoxy-6-(2-carboxyalkoxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid is reacted with an acid anhydride such as propionic acid anhydride, 
anhydrous acetic acid or a polyp hosphoric acid, and the yield can be further increased by adding a 
substance such as potassium acetate, zinc sulphate or potassium cyanide as a reaction catalyst 

This reaction will readily proceed simply by dissolving and heating the 2-[2,3,4-trialk:oxy- 
6-(2-carboxyalkoxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylic acid in an acid anhydride or 
a polyphosphoric acid such as those above and produces the 3-hydroxy-9, 10,1 1-trialkoxy- 
l,2,3,4,6J-hexahydro-5H-dibenzo[a,c] cycloheptatrien-5^-one. However, contact with air should 
be avoided as much as possible in this situation and, for example, it is convenient to conduct the 
reaction in a stream of nitrogen, ideally at around 140°C. 

The reaction in the present invention may be illustrated by the following chemical 
formulae: 



OH OR 




(wherein R and R' are defined as before. R" denotes a lower alkyl group). 
Examples of the invention are given below. 
Example 1 

897 mg of a 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10-tetrahydro-6H-diben2o[b,d]pyrane-l- 
propionic acid was dissolved in 5 cc of 20% aqueous caustic potash in a stream of nitrogen and 
heated over a steam bath, and 14.4 cc of dimethyl sulphate and 95 cc of 20% aqueous caustic 
potash were added alternately dropwise to this solution over a period of three hours whilst stirring. 
When the dropwise addition was complete, the flow of nitrogen was stopped and after leaving the 
material overnight, it was filtered and the filtrate rendered acidic with concentrated hydrochloric 
acid and extracted with ethyl acetate. Having washed and dried this extract, the solvent was 
removed and upon recrystallising from ethyl acetate, 514 mg, 53%, of 2-[2,3,4-trimethoxy-6-(2- 



carboxyethyl)phenyl]-5-hyclroxy-l-cyclohexene carboxylic acid was obtained as colourless angular 
crystals, mp 184°C. 

IRX Nujol max. ^: 3.18, 3.7-4.0, 5.88, 6.12 

UWX EtOH max. 274 m|i (log 8 3.32) 

208 mg of the 2-[2,3,4-trimethoxy-6-(2-carboxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid thus obtained was dissolved in a mixture of 1 .4 cc of methanol and 
14 cc of ether and diazomethane was introduced into it at room temperature until the solution 
appeared bright yellow. Upon removing the solvent when it ceased to be passed, 226 mg of liquid 
was obtained. Molecular distillation of this liquid gave methyl 2-[2,3,4-trimethoxy-6-(2- 
carbomethoxyethyl)phenyl]-5-hydroxy-l-cyclohexenecarboxylate with boiling point of 240°C at 
0.001 mmHg. 

IRX OHOI3 max. (i: 2.82, 5.80, 6.05 

1 .04 g of metallic potassium, 20 cc of tert-butanol and 160 cc of xylene were boiled in a 
stream of nitrogen gas, and once the potassium had dissolved, the solvent was removed until the 
boiling point showed 138.5°C and xylene was added to make it up to 700 cc. A solution of 3.6 g 
of the methyl 2-[2,3,4-trimethoxy-6-(2-carbomethoxyethyl)phenyl]-5-hydroxy- 1 - 
cyclohexenecarboxylate dissolved in 60 cc of xylene was then added dropwise to this solution 
over a period of three hours whilst boiling and stirring in a stream of nitrogen and the solvent was 
removed until the boiling point showed nS.S^'C. After cooling, the solution was acidified with 
dilute hydrochloric acid and the flow of nitrogen gas was stopped. Upon then extracting with 
benzole, washing with water, drying and removing the solvent, 2 g of brown powder was obtained. 
This was dissolved in a solution comprising 5 g caustic potash, 90 cc of methanol and 10 cc of 
water, boiled for two hours, whereupon 50 cc of water was added, the solvent was removed, it was 
extracted with benzole, washed with 4% aqueous caustic soda then water, and upon removing the 
solvent, 0.6 g of an orange powder was obtained. This was dissolved in a 1:1 mixture of 
petroleum ether and benzole, adsorbed on 9 g of alumina, washed with petroleum ether and upon 
eluting with the same solution, 126 mg of a red-yellow oil was obtained. Upon recrystallising this 
from aqueous methanol, acicular crystals of 3-hydroxy-9,10,l l-trimethoxy-l,2,3,4,6,7-hexahydro- 
5H-dibenzo[ax]cycloheptatrien-5-one were obtained, mp 84°C 

IRX Nujol max. ^l: 2.86, 6.00 

UVa. EtOH max. m|a flog e): 235 (4.1 1 ) 283 (3.56) 

Example 2 



5 



300 mg of 2-[2,3,4-trimethoxy-6-(2-carboxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid prepared by the same method as in Example 1 and 0.6 g of potassium 
acetate were combined in 20 cc of anhydrous acetic acid and after being boiled for two hours in a 
stream of nitrogen gas, the anhydrous acetic acid was removed until the boiling point showed 138° 
C. It was afterwards boiled for 20 hours and the anhydrous acetic acid was removed under 
reduced pressure at 80°C. This reaction solution was neutralised with aqueous caustic potash, 
whereupon a mixture of 0.5 g caustic potash, 1 cc of water and 9 cc of methanol was added and 
boiled for two hours. After cooling, the solution was rendered acidic, filtered and the solvent 
removed from the filtrate. Water was added to this solution and it was extracted with benzole. 
The benzole extract was washed with 5% aqueous caustic potash and then water, whereupon the 
solvent was removed, the residue adsorbed on 5 g of alumina, washed with 60 cc of petroleum 
ether and then eluted with 20 cc of benzole. Acicular crystals deposited out upon removing the 
solvent from the extract. These were recrystallised from aqueous methanol to yield 30 mg of 3- 
hydroxy-9.10.1 l-trimethoxy-l,2,3,4,6,7-hexahydro-5H-dibenzo[a,c]cycloheptatrien-5-one. mp 84° 

C 

IRXNujolmax.^i: 2.86, 6.00 

UV^ EtOH max. m^ (log e): 235 (4.1 1) 283 (3.56) 

Claim 

1 A method of preparing a 3-hydroxy-9,10,l l-trialkoxy-l,2,3,4,6,7-hexahydro-5H- 
dibenzo[a,c]cycloheptatrien-5-one characterised in that a 3-alkoxy-6-oxo-4,8-dihydroxy-7,8,9,10- 
tetrahydro-6H-dibenzo[b,d]pyrane-l -propionic acid is treated with a dialkylsulphuric acid in the 
presence of an alkali to form a 2-[2,3,4-trialkoxy-6-(2-carboxyethyl)phenyl]-5-hydroxy-l- 
cyclohexenecarboxylic acid, then having treated this compound with an esterifying agent, it is 
reacted with one type of alkaline metal and hydride, amide or alkoxide thereof; alternatively, 
without being treated with an esterifying agent, it is reacted with an acid anhydride or 
polyphosphoric acid in the presence or absence of a catalyst. 
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